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allergen immunotherapy (AIT). Although generally effective and without clinically relevant side effects, pharmacotherapeutic drugs are intended for symptomatic treatment only. In contrast, AIT has the advantage of disease-modifying properties (1, 4, 5) .
The efficacy of SLIT in AR induced by various allergens has been confirmed in various studies, and a dose-effect relationship has been demonstrated (6) (7) (8) (9) (10) (11) . Birch-pollen-induced allergic rhinitis is one of the most common inhalant allergies. It represents a considerable burden on public health and is associated with impaired quality of life and productivity, and comorbidities, including asthma (1, 12, 13) . It affects between 10 and 20% of the northern and central European population (14) . Well-designed dose-ranging studies investigating SLIT-birch pollen products are lacking (15) .
The product investigated here is a sublingual liquid birch pollen preparation (SB). In a previous clinical study, SB at a dose of 10 000 AUN/ml was shown to be noninferior to a similar SLIT product by means of reduction in allergy symptoms assessed by a TNPT and an increase in serumspecific IgG 4 levels to the major birch pollen allergen, Bet v 1 (16) .
On the basis of these results, the current study was performed. This safety/tolerability and dose range finding phase II study with four different concentrations of SB: 3333, 10 000, 20 000 and 40 000 AUN/ml, aimed to determine the optimal dose in SLIT treatment.
Materials and methods

Subjects
A randomized, double-blind, placebo-controlled, parallelgroup, phase II study was conducted in 21 study centres in Poland, Czech Republic and Germany between July 2012 and April 2013 (ClinicalTrials.gov identifier: NCT01639768). The study population consisted of 269 adult patients (134 females; 135 males; aged 18-60) with birch-pollen-induced allergic rhinitis/rhinoconjunctivitis with or without concomitant mild-to-moderate persistent asthma. Sensitization was confirmed by skin prick test (wheal diameter ≥3 mm), serumspecific IgE (>0.7 kU/l) and a positive TNPT with a birch pollen extract containing a concentration of 100, 1000 or 10 000 AU/ml.
Main exclusion criteria were AIT within the past 5 years, completed or ongoing anti-IgE therapy, pregnancy, chronic or malignant diseases, drug or alcohol abuse and psychiatric disorders. In addition, patients were excluded if they were symptomatic upon house dust mite exposure, symptomatic upon animal exposure and regularly exposed to animals or symptomatic upon pollen exposure with an expected pollen season during the study (e.g. patients with grass pollen allergy were not included during the grass pollen season).
Written informed consent was obtained from all patients. The study protocol was approved by the relevant ethics committees and competent authorities and was conducted according to the latest version of the Declaration of Helsinki.
Study design
The study was a randomized, double-blind, placebo-controlled, multicentre, 5-arm study including a staggered start for the 2 highest dose concentrations. Patients were randomized (computer-generated randomization list) to receive SB: 3333, 10 000, 20 000 and 40 000 AUN/ml or placebo. The group receiving 40 000 AUN/ml was randomized after an independent safety committee had decided on the safety of the 20 000 AUN/ml. The study consisted of a screening period, a treatment phase and an end of study visit (Fig. 1) . Screening and baseline TNPT were performed between 02 July 2012 and 31 October 2012, and end of study TNPT was performed from 20 November 2012 until 28 March 2013. As a result, all outcome measures were determined outside the birch pollen season.
Allergen immunotherapy (AIT)
SB is a liquid preparation for sublingual administration containing allergens extracted from birch (Betula verrucosa) pollen. Study medication consisted of four active dosages (3333, 10 000, 20 000 and 40 000 AUN/ml) of SB and a matching placebo. In vitro studies showed that the maintenance dose of 10 000 AUN/ml SB contains a high dose of the major allergen Bet v 1 (46.7 lg) (17 reviewed in 18).
Study medication had to be taken sublingually once daily, starting with one drop and adding one drop each consecutive day until the maintenance dose of 5 drops per day was reached. The treatment was continued with a daily dose of 5 drops for approximately 5 months. Patients recorded study medication use, adverse events and concomitant medication use in a daily diary during the entire trial period.
Efficacy, safety and immunological endpoints
The primary endpoint was defined as the absolute difference in mean symptom score following TNPT between baseline and 5 months of treatment. Patients received incremental dosages of birch pollen extract (100, 1000 and 10 000 AU/ ml; HAL Allergy B.V., Leiden, The Netherlands) in the nose at baseline to determine the upper airways response and the threshold dose to birch pollen. The upper airways response to intranasal birch pollen extract was quantified using a modified composite symptom score according to Lebel (19) at baseline (prediluent), and 15 min after each administration. Symptoms were recorded using the following scoring system: sneezes ≤2 = 0 point, sneezes 3-4 = 1 point, sneezes ≥5 = 3 points; anterior rhinorrhoea = 1 point, posterior rhinorrhoea = 1 point; difficulty in nasal breathing = 1 point, unilateral blocked nose = 2 points, bilateral blocked nose = 3 points; nasal itching = 1 point, pruritus in palate or ear = 1 point, conjunctivitis = 1 point (total score range: 0-11 points). The prediluent total score was not allowed to be ≥3. The TNPT was considered positive once a total score ≥6 was reached. The mean total symptom score was calculated from the responses to the incremental allergen dosages in the TNPT, that is total score of applied allergen dosages divided by the number of allergen dosages. At the end of study visit, the TNPT was repeated with the same incremental allergen dosages as used at the baseline visit. During the TNPT, nasal flow was measured by assessing the PNIF by means of forcefully inhaling through the nose, 3 readings were obtained, and the highest value was recorded (In-Check Nasal Portable Inspiratory Flow Meter, Clement Clarke Int.).
Furthermore, changes in birch-pollen-specific immunoglobulin E and G levels were determined. Blood samples for the determination of specific IgE, IgG and IgG 4 were taken at baseline (before start of treatment) and at the end of the study. Birch-pollen-and Bet v 1-specific IgE, IgG and IgG 4 antibodies were determined by ImmunoCAP Ò (Thermo Scientific, Uppsala, Sweden). Sera were analysed according to the specifications of the manufacturer at the Department of Experimental Immunology, AMC, University of Amsterdam, The Netherlands. Study medication intake and adverse events were recorded in a daily diary during the entire study period for the determination of compliance and safety. Classification of AEs was performed according to the European Academy of Allergy and Clinical Immunology (EAACI) grading system (20) and according to the Medical Dictionary for Regulatory Activities (MedDRA) dictionary 15.1, and moreover, local reactions were classified as follows: mild: easily tolerated, no medical intervention/ therapy required; moderate: some discomfort, no or minimal medical intervention/therapy required; and severe: incapacitating, medical intervention/therapy required, hospitalization possible.
Sample size and statistical analysis
The statistical sample size estimation was based on the analysis of covariance (ANCOVA) of the primary endpoint. A decrease in mean symptom score of 10% in the placebo group up to a 55% decrease in the 40 000 AUN/ml group after 5 months of treatment was expected, with a higher standard deviation of the symptom score (1.1) at the end of the study than at baseline (0.92). Assuming a power of 0.90, an alpha of 0.05 and two-sided testing, 43 patients were needed in each of the five parallel groups (215 patients in total). With an expected dropout rate of 14% after randomization, we planned to randomize 50 patients to each of the four dose groups and the placebo group (250 patients in total). The dropout rate was lower than expected; therefore, the analysis was performed on 269 patients (Fig. 2) .
Statistical analysis was performed using version 9.1.3 of the SAS Ò statistical software package (SAS Inc, Cary, NC, USA). The primary efficacy analysis was performed on the full analysis set, that is all patients randomized, who received at least one dose of SB or placebo, for whom postbaseline data for at least one of the efficacy variables was available.
The primary endpoint was the absolute difference in mean symptom score in the TNPT between 5 months of treatment and baseline. We tested whether the differences in mean total symptom scores in the TNPT after treatment differed between SB dose groups and placebo (two-sided testing) by means of ANCOVA. The baseline total symptom score was used as a covariate. The presence of a linear dose-response relationship was also examined using the corresponding contrast. The optimal dose level was determined by step-down pairwise comparisons between dose groups and placebo, starting with the highest dose group.
Analysis of all other parameters was performed in an explorative way using the appropriate parametric and nonparametric tests. Differences between the treatment groups as well as differences between pre-and post-treatment values were analysed. A difference with a P-level of < 0.05 two-sided was regarded as significant.
Results
A total of 317 patients were screened, and 269 patients were randomized and allocated to one of the five treatment arms (Fig. 2 ). There were no significant differences in demographic characteristics, mean wheal diameter in the birch-specific skin prick test (SPT), birch-specific serum IgE levels and mean symptom score following TNPT and PNIF measurements at baseline ( Table 1 ). The mean treatment duration was 20 weeks (AE 4 weeks).
Primary endpoint
Regarding the primary endpoint, in all treatment groups, a decrease in symptom scores after 5 months of treatment compared to the baseline measurement at screening was observed (32.6% in the placebo group up to 58.4% in the 40 000 AUN/ ml group; Table 2 ).
The results showed that the dose-response was linear and statistically significant (P-value <0.001). An additional dosedepending stepwise improvement in the active treatment groups compared to placebo was observed (Fig. 3) . The improvement compared to placebo was shown to be significant for the 20 000 AUN/ml (P = 0.008) and 40 000 AUN/ ml (P < 0.001) groups, and no significance was demonstrated for the 10 000 AUN/ml group. Therefore, no further statistical testing was performed.
Secondary endpoints
Peak nasal inspiratory flow (PNIF) PNIF measurements, as a parameter of nasal patency, were performed following TNPT. Changes in PNIF between baseline and 5 months of treatment with different dosages of SB were compared to placebo. In all active treatment groups, an increase in PNIF compared to placebo was observed, in patients treated with SB 40 000 AUN/ml, the improvement was significant (Fig. 4) .
Immunogenicity
Immunogenicity of different dosages of SB (compared to placebo) after 5 months of treatment was determined by birch-pollen-and Bet v 1-specific immunoglobulin levels (IgE, IgG, IgG 4 ). A significant increase in birch-pollen-and Bet v 1-specific IgG after 5 months of treatment was observed for all treatment groups compared to placebo. However, for birch-pollen-and Bet v 1-specific IgG 4 , a significant increase compared to placebo was only observed in the n, number of patients in the full analysis set; SD, standard deviation; SPT, skin prick test; IgE, immunoglobulin E; TNPT, titrated nasal provocation test; PNIF, peak nasal inspiratory flow. EOS, end of study; SD, standard deviation. *P-value was based on the analysis of covariance (ANCOVA), using fixed-sequence step-down pairwise comparison to placebo. The efficacy of each dose was established by testing against placebo from the highest to the lowest dose (step-down pairwise comparison). No further testing was conducted if a nonsignificant result was obtained in the sequence. A significant linear dose-response relationship was observed (P < 0.001). Figure 4 Increase in nasal flow (l/min) after 5 months of treatment compared to baseline in the full analysis set (least square mean change from baseline in PNIF AE SE). *The change in PNIF compared to placebo was significant in the 40 000 AUN/ml group.
40 000 AUN/ml treatment group (Fig. 5) . In all active treatment groups, an increase in birch-pollen-and Bet v 1-specific serum IgE levels was observed (data not shown).
Adherence to treatment
Treatment compliance was based on the number of days the treatment was taken (as recorded in the diary) combined with the total number of days on treatment. Compliance was 98.1% in the placebo group and ranged from 96.2 to 98.1% in the active treatment groups.
Safety and tolerability
All 269 patients were included in the safety analysis. No clinically significant changes were observed in safety laboratory (haematology and blood chemistry) parameters, urinalysis, vital signs, physical examination and ECG. The frequency of drug-related treatment-emergent adverse events was higher in all active dose groups compared to placebo. The most common reported (occurring in >5% of patients) treatment-emergent adverse events were oral and tongue pruritus, throat irritation, rhinitis, sneezing and ear pruritus. The majority of adverse reactions were of mild intensity and all patients fully recovered. During this study, 6 serious adverse events were reported by two patients (gastrointestinal symptoms (two events), weakness, loss of weight, myalgia, spontaneous ecchymoses) both in the placebo group. None of the events were assessed as related to the treatment. No grade III or IV systemic treatmentemergent adverse events (20) or deaths occurred during the study.
Discussion
The current phase II study was conducted between July 2012 and April 2013. After initial screening of 317 patients, 269 adult subjects with birch-pollen-induced allergic rhinitis were randomized to placebo or to one of the four active treatments. As a titrated birch pollen nasal provocation test was used as primary outcome parameter in this dose-range-finding trial, all outcome measures were determined outside the birch pollen season to get accurate test results. The aim of this study was to evaluate the dose-response of SB in a model of allergic rhinitis, using a surrogate clinical endpoint for dose-range-finding studies [TNPT (19, 21) ] which is in accordance with the current recommendations of the European Medicines Agency (EMA) in the 'Guideline on the Clinical Development of Products for Specific Immunotherapy for The Treatment of Allergic Diseases (CHMP/EWP/ 18504/2006)' (22) and with a recent position paper of the EAACI taskforce on 'dose-response relationship in allergen-specific immunotherapy' (15) .
According to the latter, adequately designed dose-ranging studies for pure sublingual birch pollen extracts are lacking (15) . To our knowledge, this is the first dose-finding study, in line with the current recommendations and guidelines, with a sublingual birch pollen extract using a surrogate primary endpoint parameter (15, 22) . The primary endpoint results show a clear and significant dose-response curve, that is a stepwise increase in efficacy in the active treatment groups compared to placebo. The increase in efficacy was 10% or even higher from the lowest to the highest active dose group. The most significant decrease in symptom scores was observed following treatment with 40 000 AUN/ml. The results of the secondary efficacy results support these observations. Active treatment resulted in a larger improvement in PNIF and serum IgG levels compared to placebo with the largest effects observed in the 40 000 AUN/ml treatment group. Selection of the 40 000 AUN/ml as the optimal dose is based on both clinical and immunological dose-response curves, and included analysis of symptom severity following allergen challenge as recommended by the EAACI taskforce (15) .
Despite the short mean treatment period of 5 months before the 2nd TNPT, a decrease in symptom scores is observed in all active treatment groups. Calderon et al. have shown that prolongation of the preseasonal treatment period improves clinical efficacy (23) . The effect observed in this study might therefore further improve after a longer treat- ment duration. Although no clear relationship exists between changes in immunoglobulin levels and clinical efficacy, the observed results on the IgG 4 levels might suggest that the treatment duration in the present study was too short for the 10 000 and 20 000 AUN/ml treatment groups. In studies with a longer treatment period of AIT, larger improvements are observed (9, 24, 25) . It is likely that the reduction in symptom score is clinically relevant and the treatment would result in a decrease in seasonal symptoms, at least for the 40 000 AUN/ml treatment group. Indirectly comparing data on perennial AR, the decrease in the Lebel symptom score observed in the current study appears to be in the same range as the decrease in symptom scores observed following treatment with nasal steroids and antihistamines, the mainstay pharmacotherapies for AR (1, 13, (26) (27) (28) . However, this is only an indication as a comparison with mainstay pharmacotherapy would require a head-to-head comparison in a study whereby clinical efficacy and not surrogate outcome markers would be the primary outcome. The unpredictability of pollen exposure during the season renders the performance of (dose ranging) AIT studies during the pollen season very difficult. The efficacy of pooled grass SLIT tablets was shown to be dependent on pollen exposure, and treatment effect could be influenced by the low pollen exposure (29) . Therefore, another option would be to use an environmental challenge chamber; however, the availability of challenge chambers is limited and the TNPT is a viable alternative parameter (22, 30, 31) .
In all active treatment groups, more local and systemic adverse reactions compared to placebo were observed. However, the adverse reactions were mainly mild and well-controlled. The frequency and nature of the adverse reactions observed in this study are common for SLIT and are comparable to similar products (18, 32) .
In a previous clinical trial, the 10 000 AUN/ml dose was shown to be noninferior to Staloral birch by means of reduction in allergy symptoms assessed by a TNPT and an increase in serum-specific IgG 4 levels to Bet v 1 (16) . Staloral birch is a registered product with demonstrated clinical efficacy during the birch pollen season (8) . We had therefore expected to observe significant efficacy at the 10 000 AUN/ ml dose level and higher with a plateau in the dose-response curve. This was not the case, and one of the limitations of the study is that no treatment with a dose higher than 40 000 AUN/ml was included. However, given the large decrease in symptom score compared to baseline and placebo, we think it is unlikely that a dose higher than 40 000 AUN/ml will result in a further reduction in the symptom score. On the other hand, a higher dose might result in a higher frequency and unacceptable intensity of adverse reactions.
In conclusion, the current study showed a distinctive doseresponse relationship. Treatment with the 40 000 AUN/ml dose resulted in the largest decrease in symptom score. This result is supported by the secondary outcome measurements, and therefore, SB 40 000 AUN/ml is considered to be the most optimal effective and safe dose within the studied dose range, to be further investigated in a currently ongoing multicenter phase III trial (ClinicalTrials.gov NCT02231307), which is designed according to the current EMA guideline and recently published EAACI recommendations on clinical outcomes in AIT trials (22, 31) .
